FEB 15 '01 01 :41PM 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 




(11) International Publication Number: 


WO 98/28864 


H04B 7/26, H04Q 7/38 


Al 








(43) International Publication Date: 


2 July 1998 (02-07.98) 



(21) International Application Number: PCT/FI97/00814 

(22) International Filing Date: 19 December 1997 (19.12.97) 



(30) Priority Data: 

965177 



20 December 1996 (20.12.96) FI 



(71) Applicant (for all designated States except US): NOKIA 

TELECOMMUNICATIONS OY [FI/FI]; Keilalahdentie 4, 
FLN-02150 Espoo (FI). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): HONKASALO, Harri 
[FT/US]; 2800 L Don Dodson #1 137, Bedford, TX 76021 
(US). HONKASALO, Zhi-Chim [OB/US]; 2800 L Don 
Dodson #1 137, Bedford, TX 76021 (US). HAMALAINEN, 
Jari [FI/FI]; Matti Tapion k. 1 F 17, FIN-33720 Tampere 
(FI). 

(74) Agent: P ATENTTTTOIMISTO TEKNOPOUS KOLSTER 
OY; do Kolster OY AB, Iso Roobertinkatu 23, P.O. Box 
148, FIN-00121 Helsinki (FI). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK ( EE, ES, FI, GB, GE, 
GH, GM, GW, HU, ID, EL, IS, JP, KE, KG, KP, ICR. KZ F 
LC, LK, LR, LS, LT, LU, LV t MD, MG, MK, MN. MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TO, TT, UA, UG, US, UZ, VN, YU. ZW, ARIPO 
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, TT, 
LU, MC, NOL, PT, SE), OAPI patent (BP, B J, CF, CG, CI, 
CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With International search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: SDMA PACKET RADIO SYSTEM AND CHANNEL ESTABLISHMENT METHOD 



(57) Abstract 

The invention relates to a packet radio system and a 
method using SDMA for channel establishment. The packet 
radio system comprises a network part (100), at least one 
subscriber terminal (102) and a duplex radio connection (104) 
between the network part (100) and a subscriber terminal 
(102). The duplex radio connection (104) is used for 
connection set-up and packet transmission. The invention 
is characterized in that for connecticm set-up the network 
pari (100) and the subscriber terminal (102) are arranged to 
establish a special channel (210) with a significantly longer 
range than that of a normal channel (200). The special channel 
(210) has a bit energy-to-noise ratio of about 5-12 dB better 
than the normal channel (200). 
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Soma packet radio system and channel establishment method 

FIELD OF THE INVENTION 

The invention relates to a packet radio system using SOMA, said 
system comprising a network part, at least one subscriber terminal and a 
5 duplex radio connection between the network part and a subscriber terminal, 
said duplex radio connection being used for connection set-up and packet 
transmission. 

BACKGROUND OF THE INVENTION 

Packet radio system refers to a radio system using packet switching 

10 technique known from fixed networks. It is the opposite of a circuit-switched 
radio system. Circuit switching is a method where a connection between users 
is set up by allocating for the connection a predetermined amount of 
transmission capacity. The transmission capacity is exclusively available to 
said radio connection during the whole duration of the connection. Known 

15 radio systems, such as GSM-based GSM 900/DCS 1800/PCS 1900 systems 
and the US radio system utilizing the CDMA technique are thus circuit- 
switched. Packet switching is a method where a connection is set up between 
users by transmitting data in packets comprising address and control data. 
Several connections can use the same transmission connection 

20 simultaneously. During recent years the use of packet switched radio systems 
particularly for data transmission has been a subject of research, because 
packet switching is well-suited e.g. to the data transmission needed by 
computer programs, where the data to be transmitted is generated in bursts. In 
this case the data transmission connection does not need to be occupied all 

25 the time but only during the transfer of the packets. This significantly saves 
costs and capacity both when a network is being built and used. 

The research on packet radio networks was started at the University 
of Hawaii in 1968 with an ALOHA project in which a mainframe computer was 
connected to remote terminals by means of a radio connection. Today packet 

30 radio networks are an object of a particular interest in the further development 
of the GSM system, which in this connection is referred to as the General 
Packet Radio Service (GPRS). For instance, an ETSI GSM specification (ETSI 
GSM 03.64) describes an air interface between a network part and a 
subscriber terminal in the GPRS. 
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In the GSM system one physical channel is one time slot of a TDMA 
frame. Logical channels are common channels or dedicated channels. A 
TDMA frame comprises 8 time slots. For dedicated channels has been defined 
a 26 TDMA frames long 26-multiframe, using time slots 1 - 7 of the TDMA 
5 frame. For common channels has correspondingly been defined a 51 TDMA 
frames long 51-multiframe, using time slot 0 of the TDMA frame. The common 
channels comprise Broadcast Channels (BCH) and Common Control 
Channels (CCCH). The BCH channels comprise a Frequency Correction 
Channel (FCCH), a Synchronization Channel (SCH) and Broadcast Control 
10 Channels (BCCH). The CCCH channels comprise a Paging Channel (PCH), 
an Access Grant Channel (AGCH) and Random Access Channels (RACH). 
The dedicated channels comprise Traffic Channels (TCH) and Dedicated 
Control Channels (DCH). The DCH channels comprise a Stand-alone 
Dedicated Control Channel (SDCCH), a Slow Associated Control Channel 
1 5 (SACCH) and a Fast Associated Control Channel (FACCH). 

In accordance with the earlier mentioned ETSI GSM specification 
03.64, in a packet radio system is defined one physical channel, a Packet 
Data Channel (PDCH), for connection set-up and packet transmission, said 
channel being in practice a traffic channel. Into the PDCH channel are then 
20 arranged logical channels. Logical channels are divided into Packet Common 
Control Channels (PCCCH) and packet traffic channels. The packet traffic 
channels comprise Packet Data Traffic Channels (PDTCH) and Packet 
Associated Control Channels (PACCH). PCCCH channels comprise Packet 
Random Access Channels (PRACH), Packet Paging Channels (PPCH), 
25 Packet Access Grant Channels (PAGCH) and Packet Broadcast Control 
Channels (PBCCH). 

In this description calling channels refer to those channels which 
are needed in the packet radio system in operations associated with 
connection set-up and set-down, such as calling a subscriber terminal. 
30 reserving a channel, etc. For instance in a conventional GSM system these 
channels are PCH and AGCH channels in a downlink connection and RACH 
channels in an uplink connection. In a GSM system using a packet radio 
system the corresponding channels are PPCH and PAGCH channels in a 
downlink connection and PRACH channels in an uplink connection. 
35 The SDMA (Space Division Multiple Access) technology is used to 

increase the coverage area of dedicated channels in a radio system. This is 
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implemented by using intelligent antenna solutions, whereby a directional 
antenna beam has been allocated to the connection of an individual user. The 
directing of an antenna beam is performed either physically by moving the 
antenna to be directed or electronically by changing the radiation pattern of the 
5 antenna. The biggest problem is that at the time of the connection set-up, the 
location of the subscriber terminal is not known and so the antenna beam 
cannot be directed. In normal radio systems one way of solving this problem 
has been to increase the transmission power of the common channels needed 
at the time of connection set-up. This solution causes new problems because 

10 it is expensive and technically complicated to implement. In addition, the 
solution does not function in a GSM system utilizing the GPRS, because GSM 
uses normal traffic channels also for transmitting common channels. Another 
known solution is even worse: trusting that common channels will function 
below a predetermined level of sensitivity. This greatly impairs the operation of 

15 the system and the reliability of its operation. In packet radio systems no well- 
functioning system has been developed yet. 

CHARACTERISTICS OF THE INVENTION 

An object of the present invention is thus to provide a packet radio 
system which allows efficient use of the SDMA, avoiding the above mentioned 
20 problems. 

This is achieved with a system described in the preamble, which is 
characterized in that for connection set-up a network part is arranged to 
establish a special channel with a significantly longer range than that of a 
normal channel. 

25 Tr >© invention also relates to a system described in the preamble, 

said system being characterized in that for connection set-up a subscriber 
terminal is arranged to establish a special channel with a significantly longer 
range than that of a normal channel. 

The invention further relates to a method for establishing a channel 

30 in a packet radio system using the SDMA. said packet radio system 
comprising a network part, at least one subscriber terminal and a duplex radio 
connection between the network part and a subscriber terminal, said duplex 
radio connection being used for connection set-up and packet transmission. 

The method is characterized in that the method comprises a step: 

35 A) for connection set-up a special channel is established with a significantly 
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longer range than that of a norma! channel. 

A system of the invention offers various significant advantages. As 
the use of the SOMA technology becomes possible, the increasing of the 
coverage area of cells by means of directional antennas can be fully utilized. 
5 The payload bit energy-to-noise ratio of a transmitted calling channel improves 
significantly. This is due, e.g. in the case of a narrowband special channel, to 
the payload bit energy-to-noise ratio being inversely proportional to the bit rate 
of a transmission, when transmission power remains constant This increases 
the coverage area of a base station significantly. The solution is technically 
1 0 easy to implement, both to a network part and to a user terminal, and it does 
not increase the costs of equipment manufacturing as new components are 
not needed. 

A method of the invention provides the same advantages as the 
above described system. It is apparent that preferred embodiments and 
15 detailed embodiments can be interconnected to produce different 
combinations in order to achieve the desired technical efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is now described in more detail with reference to the 
examples shown in the attached drawings, in which 
20 Figure 1 illustrates a packet radio system, 

Figure 2 illustrates a normal carrier and an example of a carrier 
including special channels, 

Figure 3 illustrates an example of normal channels for an uplink 
connection, 

25 Figure 4 illustrates an example of special channels for an uplink 

connection, 

Figure 5 illustrates an implementation of a system. 

DESCRIPTION OF PREFFED EMBODIMENTS 

Let us examine Figure 1 . A radio system comprises a network part 
30 100 and a subscriber terminal 102, with an intermediate duplex radio 
connection 104. The radio connection 104 is used to transmit at a 
predetermined carrier frequency a radio signal into which a frame structure is 
arranged. In a GSM system a frame comprises time slots. In each time slot is 
arranged either a common channel or a dedicated channel. 
35 In accordance with the invention, the network part 100 and the 
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subscriber terminal 102 are arranged to establish a special channel for 
connection set-up. The range of the special channel is significantly longer than 
that of a normal channel. The channel has a bit energy-to-noise ratio of about 
5 - 12 dB better than a normal channel. Let us now examine Figure 2, which 
5 illustrates an example of a part of a frequency range for a downlink connection 
in the GSM system. The distance between the middle points of the carrier 
frequencies is 200 kHz. The X axis shows three channels of 935.2 MHz, 935.4 
MHz and 935.6 MHz respectively. The Y axis shows the transmission power 
The wave forms 200, 202 illustrate normal channels used for packet 

10 transmission. The wave form 210 illustrates how a frequency band of 200 kHz 
normally comprising one channel is narrowed to a width of 25 kHz. It is thus 
narrowed at a ratio of 1:8. Narrowing can be performed at ratios varying 
between 1:3-1:16. Since the capacity of the channel reduces, more time slots 
are needed for transmitting a particular amount of information. The amount of 

15 information to be transmitted is therefore also reduced, the data transmission 
capacity being only about 1/16 - 1/3 of the data transmission capacity of a 
normal channel. A special channel should preferably not be used for 
transmitting other than data needed for connection set-up. In other words, 
after connection set-up a normal channel is used for packet transmission. This 

20 allows using a directional antenna beam, because then the subscriber terminal 
is at a known location in relation to a base station* Another way of 
implementing packet transmission is to perform packet transmission after 
connection set-up, using still a special channel. As already mentioned earlier, 
the average transmission power of a special channel is the same as that of a 

25 normal carrier. An embodiment involves using in connection set-up a special 
channel, e.g. a special PRACH channel, only for an uplink connection and 
performing the signalling needed for a downlink connection on a normal 
channel, such as a PAGCH channel. This is possible because after having 
received a request for connection set-up from the subscriber terminal 102, the 

30 network part 100 knows its location and thus the network part 100 can use a 
directional antenna beam in its transmissions to the subscriber terminal 102. 

Connection set-up here refers also to the control operations that are 
performed during a connection. Between successive packets of one and the 
same user the location of a user terminal 102 can change so essentially that 

35 previous data about the direction of the antenna beam can no longer be used 
for a successful packet transmission. This again calls for a method of the 
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invention whereby the direction of the subscriber terminal 102 in relation to a 
transceiver in the network part 100 can be detected. 

Let us now examine Figure 3. The Figure shows one 51-multiframe 
of the GSM system using the packet radio system. In the time slot 0 is 
5 transmitted a RACH channel. Time slots 1 - 7 are dedicated channels, A traffic 
channel in the time slot 2 is dedicated for the use of the packet radio system, 
for transmitting a PRACH channel. In accordance with the invention, a special 
channel is established as shown in Figure 4. The contents of the time slots 0, 
1. 3, 4, 5, 6 and 7 has been left out to be transmitted on another, normal 

10 carrier. The PRACH channel is spread in the time domain over all time slots, 
because now the channel's frequency band is made narrower and its data 
transmission rate slower, in the above described way. A corresponding 
operation is naturally performed on a downlink connection. 

In accordance with the invention, coding ensuring high gain is 

15 performed on a special channel. This coding ensures that at the time of 
connection set-up the special channel can be received, even with errors 
included, beyond the range of a normal channel and, because of efficient error 
correction coding and interleaving, the originally transmitted information can 
be correctly decoded. For instance in a packet radio system using the CDMA 

20 (Code Division Multiple Access) technology a special channel is spread with its 
own spreading code and coded efficiently. In the CDMA system a user's 
narrowband data signal is multiplied by a spreading code of a considerably 
broader band than the data signal to a relatively broad band. Multiplying the 
data signal spreads it over the entire band used. Each connection between a 

25 network part and a subscriber terminal has its own spreading code, which 
allows the signals of the users to be distinguished from one another in the 
receivers on the basis of each user's spreading code. Each user can thus 
transmit simultaneously on the same frequency band. Another option is to 
transmit less information on the special channel, whereby the spreading ratio 

30 becomes more advantageous, ensuring thus error-free receipt of the 
transmitted information. The described more efficient coding and reduced 
amount of transmitted information naturally function also in other multiple 
access systems (such as FDMA, TDMA) and in their different combinations. 

A special channel of the invention can also be established by 

35 combining different methods for making the range of the special channel 
longer than normally. For instance combining the increasing of transmission 
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power known per se, the described more efficient coding and the changing of 
bandwidth thus provides a solution according to the invention. The 
combination best suited to the prevailing circumstances is selected. 

Let us now examine Figure 5, which illustrates an example of how 
5 the arrangements required by the invention can be performed. According to 
Figure 1, the essential parts of the system are the network part 100 and the 
subscriber terminal 102 ( with the intermediate radio connection 104. The 
network part 100 comprises a base station, a base station controller and a 
mobile switching centre. Let us examine Figure 5 which describes, by way of 

10 example, how the system is arranged to perform the necessary processing. 
The base station controller 500 is in contact with the base station 510. The 
base station controller 500 comprises a group switching network 502, a 
transcoder 504 and a control unit 506. The group switching network 502 is 
used for the switching of speech, data and packets and for connecting 

15 signalling circuits. The transcoder 504 converts different digital forms of 
speech coding used between a public switched telephone network and a 
mobile telephone network to be compatible. The control unit 506 performs call 
controlling, mobility management, collection of statistical data and signalling. 
The base station 510 comprises a frame unit 512, a frequency hopping unit 

20 514, a carrier unit 516 and an antenna 518. In the frame unit 512 is performed 
channel coding, channel interleaving, data encryption and burst generating. In 
the frequency hopping unit 514 is optionally performed frequency hopping to a 
base band carrier. In the carrier unit 516 is performed modulation and A/D 
conversion of a transmitted signal. The subscriber terminal 102 comprises an 

25 antenna 520, a duplex filter 522, a transmitter 524 and a control part 526. The 
transmitter 524 comprises a modulator 530, a channel coder 532, an encrypter 
534 and a source coder 536. 

The base station controller 500 establishes a connection to the 
subscriber terminal 102 by requesting the base station 510 to send the 

30 subscriber terminal 102 a message, e.g. in the GSM system on a PPCH 
channel, for the connection set-up. In the carrier unit 516 is generated a carrier 
containing special channels, said carrier being transmitted through the 
antenna 518 to the subscriber terminal 102. Correspondingly, the subscriber 
terminal 102 responds to the connection set-up message, e.g. in the GSM 

35 system on a PRACH channel. In the modulator 530 is generated a carrier 
containing special channels, said carrier being transmitted to the base station 
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510. This description does not include receivers of the base station 510 and 
the subscriber terminal 102, because they are not essential to this description. 
At its simplest the invention is implemented by converting the steps of the 
method of the invention to be performed by software. The software can then 
5 be arranged e.g. in the memory of the control part 506 of the base station 
controller 500. The control part 506 then signals to the base station 510 to 
ensure that in the frame unit 512 the data needed will be arranged to the 
transmitted channel. To the carrier unit 516 is also signalled at which 
frequency it has to transmit the special channel. The arrangement can also be 

10 implemented with general processors, signal processors or with discrete logic. 
The functions between the base station controller 500 and a base station can 
also be divided in another way within the spirit of the invention. The software in 
the subscriber terminal can be stored in the memory of the control part 526, 
the storage being performed in said control part 526. In this case the software 

15 controls the operation of the transmitter 524, and particularly its modulator 
530. The arrangement can also be implemented with general processors, 
signal processors or with discrete logic. 

Even though the invention is described above with reference to an 
example shown in the attached drawings, it is apparent that the invention is 

20 not restricted to it. but can vary in many ways within the inventive idea 
disclosed in the attached claims. 
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CLAIMS 

1. A packet radio system using SOMA, said system comprising a 
network part (100), at least one subscriber terminal (102) and a duplex radio 
connection (104) between the network part (100) and a subscriber terminal 

5 (102), said duplex radio connection (104) being used for connection set-up 
and packet transmission, characterized in that for connection set-up 
the network part (100) is arranged to establish a special channel (210) with a 
significantly longer range than that of a normal channel (200). 

2. A system according to claim 1, characterized in that the 
10 special channel (210) has a bit energy-to-noise ratio of about 5 - 12 dB better 

than the normal channel (200). 

3. A system according to claim 1, characterized in that the 
data transmission capacity of the special channel (210) is about 1/16 - 1/3 of 
the data transmission capacity of the normal channel (200). 

15 4. A system according to claim 1, characterized in that the 

average transmission power of the special channel (210) is the average 
transmission power of the normal channel (200). 

5. A system according to claim 1, characterized in that the 
bandwidth of the special channel (210) is considerably narrower than the 

20 bandwidth of the normal channel (200), being about 1/16 - 1/3 of the 
bandwidth of the normal channel (200). 

6. A system according to claim 1, characterized in that 
coding ensuring high gain is performed on the special channel (210). 

7. A system according to claim 1, characterized in that the 
25 network part (100) is arranged to use the normal channel (200) for packet 

transmission after connection set-up. 

8. A system according to claim 1, characterized in that the 
network part (100) is arranged to use the special channel (210) for packet 
transmission after connection set-up. 

30 9. A packet radio system using SOMA, said system comprising a 

network part (100), at least one subscriber terminal (102) and a duplex radio 
connection (104) between the network part (100) and a subscriber terminal 
(102), said duplex radio connection (104) being used for connection set-up 
and packet transmission, characterized in that for connection set-up 

35 the subscriber terminal (102) is arranged to establish a special channel (210) 
with a significantly longer range than that of a normal channel (200). 



FEB 15 '01 01 :41PM 



WO 98/28864 PCT/FI97/00814 

10 

10. A system according to claim 9, characterized in that the 
special channel (210) has a bit energy-to-noise ratio of about 5 - 12 dB better 
than the normal channel (200). 

11. A system according to claim 9, characterized in that the 
5 data transmission capacity of the special channel (210) is about 1/16 - 1/3 of 

the data transmission capacity of the normal channel (200). 

12. A system according to claim 9, characterized in that the 
average transmission power of the special channel (210) is the average 
transmission power of the normal channel (200). 

10 13. A system according to claim 9, characterized in that the 

bandwidth of the special channel (210) is considerably narrower than the 
bandwidth of the normal channel (200), being about 1/16 - 1/3 of the 
bandwidth of the normal channel (200). 

14. A system according to claim 9, characterized in that 
15 coding ensuring high gain is performed on the special channel (210). 

15. A system according to claim 9, characterized in that the 
subscriber terminal (102) is arranged to use the normal channel (200) for 
packet transmission after connection set-up. 

16. A system according to claim 9, characterized in that the 
20 subscriber terminal (102) is arranged to use the special channel (210) for 

packet transmission after connection set-up. 

17. A method for establishing a channel in a packet radio system 
using SOMA, said packet radio system comprising a network part (100), at 
least one subscriber terminal (102) and a duplex radio connection (104) 

25 between the network part (100) and a subscriber terminal (102), said duplex 
radio connection (104) being used for connection set-up and packet 
transmission, characterized in that the method comprises a step: 

A) for connection set-up a special channel (210) is established with 
a significantly longer range than that of a normal channel (200). 

30 1 8. A method according to claim 17, characterized in that 

the special channel (210) has a bit energy-to-noise ratio of about 5 - 12 dB 
better than the normal channel (200). 

19. A method according to claim 17, characterized in that 
the data transmission capacity of the special channel (210) is about 1/16 - 1/3 

35 of the data transmission capacity of the normal channel (200). 

20. A method according to claim 17, characterized in that 
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the average transmission power of the special channel (210) is the average 
transmission power of the normal channel (200). 

21. A method according to claim 17, characterized in that 
the bandwidth of the special channel (210) is considerably narrower than the 

5 bandwidth of the normal channel (200), being about 1/16 - 1/3 of the 
bandwidth of the normal channel (200). 

22. A method according to claim 17, characterized in that 
coding ensuring high gain is performed on the special channel (210). 

23. A method according to claim 17, characterized in that 
1 0 the method further comprises the following step: 

B) after connection set-up the special channel (210) is used for 
packet transmission. 
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